Two field experiments were conducted in the Field of Agricultural Farm of Sids Agricultural Research Station to evaluate the effect of phosphorus rates (0.0, 7.5 and 15 kg P 2 O 5 /fed) and some stimulators, i.e.; without, 2% foliar spraying of amino acids twice, 100 kg elemental sulphur and 10 ton FYM/fed) on growth (plant height and dry weight/plant), yield components (number of spikes/m 2 , number of grains/spike and 1000-grain weight), yields (grain and straw yields) and N, P and K concentrations and uptake in grains and straw as well as some soil properties after harvesting, i.e.; soil available N, P and K as well as pH, EC and soil organic matter. The results showed that increasing phosphorus rates increased plant height, dry weight/plant, number of spikes/m 2 , number of grains/spike, 1000-grain weight, grain and straw yields, nitrogen and phosphorus content in grains and straw, protein percentage in grains, and NPK uptake in grains and/or straw as well as soil available P in soil after harvesting. Applied amino acids, sulphur or FYM significantly increased all studied growth parameters, yield and its components and nutrient content and uptake in grains and straw over untreated control. FYM improved the N, P and K availability and soil pH and organic matter, while soil salinity was increased due to FYM application. However, sulphur improved soil available P and K and soil pH.
INTRODUCTION
Wheat is the third cereal crop in the world after maize and rice, but considering of dietary intake, it is currently second to rice as the main food crop, while in Egypt it is considered the strategic food crop. About 70% of wheat production is used for food, 19% for animal feed and the remaining 11% is used in industrial application, including biofuels. The importance of this crop is mainly attributed to the fact that its grains can be ground into flour, semolina, etc., which from the basic ingredients of bread and other bakery products and pastas, thus it represents the main source of nutrients for the most of world population.
Phosphorus (P) after N is the most important limiting agricultural production in the tropics and sub tropics regions. Many of the agricultural soils in the tropics and subtropics are low in both total and available P when compared with other major nutrients (Chien and Menon, 1995) . Deficiency of P is usually associated with low supply of available P, soil mineralogical properties and some chemical reactions which lead to fixed P in unavailable form. Some studies had been performed on how to increase soil P level through fertilizer, sulphur, organic or bio-fertilization in order to improve significant agronomic yield response (Gala et al., 2000) .
Sulphur is the fourth major nutrient for plant growth. Elemental sulphur has been used in reclamation and improvement of sodic and calcareous soil (Wassif et al., 1993) . More attention has been given to sulphur application due to its favorable effects in enhancing nutrient availability in soil (Saleh, 2001 ). Due to the high cost and adverse effects of commercial fertilizers, especially P fertilizer, use of sulphur may be as a nutrient and soil acidifier and S fertilizer has recently gained importance in agricultural production (Atilgan et al., 2008) . Sulphur interacts with phosphorus as phosphate ion is more strongly bound than sulphate (Hedge and Murthy, 2005) . Phosphorus application results in increased of anion adsorption sites by phosphate, which releases sulphate ions into the soil solution (Tiwari and Gupta, 2006) . Studies have indicated both synergistic and antagonistic relationship between sulphur and phosphorus, but it depends on their application rate and crop species (Marok and Dev, 1980) . The interaction of these nutrients may affect the critical levels of available P and S below which response to their application could be observed (Yadav, 2011) . Many workers reported that the oxidation of sulphur and sulphuric acid production cause reducing the acidity of soil increasing P and micro-nutrients in the soil (Dawood et al., 1985) . Rate of sulphur oxidation in soil vary and depend on population of thiobacillus bacteria in soil, particle size and environmental conditions. With increasing soil sulphur, and sulphur oxidation bacteria population will large and it require more nutrients to bacteria therefore, oxidation of sulphur in soil can be productive more quickly (Agrifacts, 2003) .
Amino acids can directly or indirectly improve the physiological activities of plant. It involved the enzymes responsible for the structural photosynthesis process. Also, it act as chelating agent of some nutrients, when it applied together with them, where it absorption and transportation inside the plant is easier (Ibrahim et al. 2007) . The requirement of amino acids in essential quantities is well known as a mean to increase yield of crops. Also, amino acids are fundamental ingredients in the process of protein synthesis (Ewais et al., 2005) . Azimi et al. (2013) reported that amino acids application reduced the negative effects of water deficit on wheat plants.
Application of farmyard manure is traditionally used by many workers as soil conditioners and fertilizers for increasing growth and yield of crops (Awad et al., 2002 and Atta Allah and Mohamed, 2003) . In addition to playing important role in improving the physical and chemical soil properties, farmyard manure are valuable resources rich in P, N and micronutrients essential for plant growth, that are slowly released through degradation by micro-organisms. Attia and El-Dosuky (1996) showed that the application of 15 and 30 m 3 FYM/fed increased the total grain yield, N and S contents of wheat, they found a synergistic effect between FYM and sulphur which may be due to the increasing in organic matter degradation by heterotrophic sulphur oxidizing micro-organisms and uptake of mineral nutrients released. The present work aimed to evaluate the effect of phosphorus application along with some activators such as amino acids, sulphur and farmyard manure on wheat productivity and soil properties.
MATERIALS AND METHODS
Two field experiments were conducted on wheat (Triticum aestivum L.) during the two successive seasons of 2014/2015 and 2015/2016 at Sids Agricultural Research Farm, ARC, Beni-Suef Governorate to evaluate the effect of phosphorus fertilizer along with some stimulators, i.e., amino acids, elemental sulphur and farmyard manure (FYM) on, growth, yield and its components and nutrient content in both wheat grain and straw as well as some soil properties after harvesting. The design of the experiment was factorial in complete randomized blocks in two factors in four replicates . The treatments were: phosphorus fertilizer (0.0 ,7.5 and 15 kg P 2 O 5 /fed) and stimulators, namely, without, 2% foliar spraying of amino acids twice at rate of 400 L/fed for each at 30 and 45 days after sowing, 100 kg elemental sulphur/fed and 10 ton FYM/fed. Particle size distribution and some chemical properties of the experimental sites were determined in surface soil sample (0.0-30 cm) according to Klute (1986) and Page et al. (1982) , respectively and listed in Table 1 . Also, the chemical composition of (FYM) was determined according to Klute (1986) and listed in Table 2 . Phosphorus fertilizer and farmyard manure were added before wheat sowing during land preparation. However, sulphur and thiobacillus bacteria were concurrently mixed with each other to thirty centimeters in depth of soil plots in the same day of sowing. The thiobacillus microorganism was obtained from the Department of Agricultural Microbiology, Soil; Water and Environment Research Institute, (ARC), Giza, Egypt.
Wheat grains, C.V. Sids 12 were planted in plots (3 x 3.5 m: 10.5 m 2 ) in November 15 and 20 in two growing seasons, respectively. Potassium at rate of 24 kg K 2 O/fed was added before sowing during land preparation, while nitrogen at rate of 75 kg/fed was added at two equal doses, before the first irrigation and before the second one as ammonium nitrate (33.5% N). The preceding crop in the two seasons was maize. All other cultural practices were done for wheat production in the district. At 75 days age, ten plants were randomly chosen from each plot to measure some wheat growth character, namely, plant height (cm) and dry weight/plant (g). At maturity (in May), some yield components, i.e., number of spikes/m 2 , number of grains/spike and 1000-grain weight (g) were determined . Also, grain and straw yields were determined for each plot and converted to ardab and ton/fed. N, P and K concentration were determined in both grains and straw according to Chapman and Pratt (1978) and N, P and K uptake in grains and/or straw were calculated. Surface soil samples were taken from each plot after harvesting to determine soil available N, P and K as well as soil pH, EC and organic matter according to Klute (1986) .
The data were statistically analyzed according the method described by Snedecor and Cochran (1980) . The means of treatments were compared by L.S.D. at 5% probability level.
RESULTS AND DISCUSSION

Growth and yield component parameters
The data in Table 3 represent the response of wheat plant height, dry weight, number of spike/m 2 , number of grains/spike and 1000-grain weight to phosphorus levels and some natural activators. The main effect reveal that increasing phosphorus levels were significantly increased these studied parameters in both seasons. The plant treated with 15.0 kg P2O5 exhibited the highest values of growth and yield components of plant, while the plants not be fed with phosphorus recorded the lowest ones. The positive effect of phosphorus fertilization is mainly explained by the fact that phosphorus had a very important role in energy storage and transfer in plant. It also plays a fundamental role in large number of enzymatic reactions that depends on phosphorylations. These results are in line with those obtained by Galal (2007) and Ismail et al. (2015) .
Concerning the effect of natural additives, namely amino acids, sulphur mixed with thiobacillus bacteria and farmyard manure; it could be arranged the response of growth and yield components of wheat to these natural activators to the descending order as follow: FYM > S > amino acids > without. The superiority of farmyard manure may be due to its effect on improving physical and chemical properties of soil. Also, FYM consider a rich source for N, P and micronutrients needed for plants (Atta Allah and Mohamed, 2003) . These results are similar to those obtained by Attia and El-Dosuky (1996) and Ali et al. (2009) . It could be observed that elemental sulphur enhanced growth and yield components of wheat than control or amino acids, which mainly due to the beneficial effect on reducing the soil reaction near the plant root, consequently increasing nutrient availability and its absorption (Saleh, 2001) . These results agree with those obtained by Badawy et al. (2011) . Moreover, foliar application of amino acids was significantly increased growth and yield components of wheat plants than control. In this concern, Kowalczyk and Zielony (2008) mentioned that amino acids are a well-known biostimulant which has positive effects on the plant and root growth, the yield and significantly mitigates injuries caused by abiotic stress. These results are agreed with the results obtained by Azimi et al. (2013) . As for the interaction between treatments, the results clearly show that all studied growth and yield component parameters were significantly affected by phosphorus levels and the natural stimulators. The effect of sulphur application under 7.5 kg P2O5/fed yielded growth and yield components of wheat equal to those produced under 15.0 kg P2O5/fed. This may be due to the synergistic effect between phosphorus and sulphur, which sulphur application increased the solubility of fixed P in soil, in turn increased soluble P in soil under 7.5 kg P2O5/fed to the recommended rate (15.0 kg P2O5/fed). Similar results were obtained by Yadav (2011) . Also, FYM + 7.5 kg P2O5/fed produced growth and yield components similar to those produced under FYM + 15.0 kg P2O5/fed. This mainly due to the phosphorus content in FYM which released slowly in the soil. In general, the highest values of all studied growth and yield components were recorded under the treatment of 15.0 kg P2O5/fed + 10 ton FYM/fed, while the treatment without phosphorus and natural stimulators gave the lowest ones.
Grain and straw yields
Data presented in Table 4 showed that the application of 15.0 kg P2O5/fed increased grain yield by 6.1 and 27.4% over 7.5 kg P2O5/fed and control in the first season; respectively. Similar trends were obtained for the second one. The corresponding increasing in straw yield were 4.5 and 12.2% in the first season and 6.7 and 11.6 in the second season, respectively. The increase in grain and straw might be due to phosphorus being the constituent of nucleic acid and different forms of proteins, might have stimulated cell division resulting in increased plant growth and yield components attributes (as discussed before in Table, 3); consequently increased grain and straw yields. These results are in line with those obtained by Ali et al. (2009) and Rahman et al. (2014) .
Considering the effect of the natural additives on grain and straw yields of maize the results revealed that all studied natural stimulators increased grain and straw yields than control. It could be arranged the effect of these natural additives on grain and straw yields in the descending order as follow: FYM > sulphur > amino acids > control. Application of elemental sulphur increased grain and straw yields by 17.0 and 12.8% in the first season, respectively. The same trend was obtained in the second season. Application of sulphur may be help in availability of other nutrients which results in better growth (Table, 3) and nutrients uptake, especially in high pH value of the experimental soil (8.1 and 8.2 for the two seasons, respectively), consequently increase leaf cell division, elongation and photosynthesis (El-Sheikh et al. (2006) and Mehanna et al. (2010) . These results are similar to those obtained by Badawy et al. 2011 and Duhoky et al. 2014) . The application of FYM induced the highest increase in wheat grain and straw yields. Compared with the untreated control, the increases in grain and straw yields due to 10 ton FYM/fed reached to 32.7 and 28.2% in the first season and 30.2 and 25.0% in the second one, respectively. These increments in grain and straw yields caused by FYM application may due to supplementation of N and other nutrients from the degradation of organic matter, beside the improvement of the physical soil properties. These results agree with those obtained by Khalil and Aly (2004) and Ali (2007) . As for amino acids, the results showed that foliar spray of 4% amino acids to wheat plants twice significantly increased both grain and straw yields compared to control by about 10.3 and 7.7% in the first season, respectively. The corresponding increases for the second season were 8.9 and 10.0% in the abovementioned respect. The positive effect of amino acids are important for growth regulation and modulators of growth and cell differentiation, which may be affecting general metabolism and consequently morphogenesis (Basu et al., 1989) . In this concern, Glawischnig et al. (2000) mentioned that amino acids are not only building bocks of proteins but also precursors for a myriad of other molecules that serve important function in plants. They added that, amino acids are involved in the synthesis of organic compounds such as protein, alkaloids, vitamins, enzymes, terpenoids and plant hormones that control various plant processes. These results are in harmony with those obtained by Eisa et al. (2010) , Dromantiene et al. (2013) and Azimi et al. (2013) . With regard to the interaction between treatments, the data revealed that grain and straw yields were significantly affected by the interaction between phosphorus levels and sulphur or FYM. Application of 100 kg of elemental sulphur or 10 ton FYM/fed under 7.5 kg P2O5/fed equal to those obtained under the recommended rate of phosphorus (15.0 kg P2O5/fed). The positive effect of FYM and sulphur is mainly due to its promotive action of these fertilizers on enhancing growth and yield components of wheat as discussed before (Table, 3 ). These results means that it could save about half recommended phosphorus rate by application of 100 kg S/fed or 10 ton FYM/fed to produce high wheat production.
NPK concentration in grains and straw as well as protein in grains
Data in Table 5 represent the effect of phosphorus and some natural stimulators application on NPK concentrations in wheat grains and straw. The data revealed that increasing phosphorus levels were significantly increased N and P and protein percentage in grains and N and P content in straw up to 15.0 kg P2O5/fed, while K concentration in both grains and straw did not affect. In this concern, Jones et al. (1991) reported that there were no consistent relationships between P and K in plant tissue. These results are in line with those obtained by Dwivedi and Bapat (1998) and Ismail et al. (2015) who found that increasing P levels had a positive effect on N and P% in grains and straw. 
A: Phosphorus levels (kg P2O5/fed). B: Natural additives.
As for the natural additives, the results showed that N, P and K% in grains and straw as well as protein% in wheat were significantly responded to the studied natural stimulators. It could be arranged the effect of natural additives on content in grains and straw in the descending order as follow: FYM > amino acids > sulphur > control .However, as for P and K these effect could be arranged as follow: FYM > sulphur > amino acids > untreated control. It worthy to notice that amino acids was more effective on N content than sulphur, while sulphur application caused more P and K in wheat than amino acids, which mainly due to the oxidation of sulphur by thiobacillus bacteria and sulphuric acid production cause reducing of acidity of soil, consequently increased P and K availability in soil and enhanced its absorption by plants (Dawood et al., 1985) . On the other hand, foliar spraying of amino acids was directly involved the process of protein synthesis, beside it is consider a source of nitrogen (Ewais et al., 2005) . The higher NPK contents were recorded under FYM application, which mainly due to organic manure playing an important role in improving the physical properties of soils, it are valuable resources rich in P, N and K (Table, 2) that are slowly released after degradation by microorganisms (Awad et al., 2002 and Atta Allah and Mohamed, 2003) .
The results clearly showed that nutrient content and protein percentage did not respond to the interaction between phosphorus fertilization and the natural stimulators application. In general, the highest NPK content in grains and straw and protein percentage in grains were recorded under 15.0 kg P2O5/fed + 10 ton FYM/fed, while the wheat plants without phosphorus and natural stimulators exerted ones.
NPK uptake by grains and straw
The data in Table 6 showed the effect of phosphorus fertilization and some natural stimulators application on N, P and K uptake by grains and/or straw. Increasing phosphorus levels were significantly increased N, P and K by grains and straw as well as total uptake. Added 15.0 kg P2O5/fed increased total N, P and K by 28.8, 51.0 and 14.1% over untreated control in the first season, respectively. The corresponding increasing in the second season were 31.0, 57.4 and 13.7% in the abovementioned order. The positive effect of phosphorus on NPK uptake is mainly explained by the effect of phosphorus on grain and straw yields as discussed before in Table 4 . These results are similar to those obtained by Ismail et al. (2014) and Ismail et al. (2015) .
Concerning the natural additives, the results cleared that all studied natural additives improved N, P and K uptake by grains and/or straw when compared with control. Application of 10 ton FYM/fed produced the highest NPK uptake in both seasons. However, amino acids resulted in nitrogen uptake by grains and/or straw significantly equal to those affected by sulphur application. Treated wheat plants with 100 kg sulphur yielded P and K uptake by grains and/or straw higher than produced under amino acids, which mainly due to the effect of sulphur on depressing soil pH, consequently increased P and K solubility in soil. Similar results were obtained by Somani and Kanthaliya (2004) and Duhoky (2014) for sulphur; Vernieri et al. (2005) and Nikiforova et al. (2006) for amino acid; and Mekail et al. (2006) and Ali et al. (2009) . As for the interaction, the results showed that NPK uptake did not respond to the studied treatments. In general, the highest NPK absorbed by grains and/or straw of wheat plants were recorded under the treatment of 15.0 kg P2O5/fed + 10 ton FYM/fed, while the plants without phosphorus and natural additives showed the lowest nutrient uptake.
Soil properties
The changes in some soil properties after harvesting, i.e. soil available N, P and K as well as soil pH, EC and organic matter are presented in Table 7 . The data clearly showed that phosphorus levels affected only phosphorus availability. Comparing with control added 7.5 or 15.0 kg P2O5/fed increased soil available phosphorus after harvesting by 27.5 and 120.0% in the first season and 31.9 and 125.7% in the second season, respectively. These results may be due to the amount of added P was higher than crop demand (Sharama and Prasad, 2009) . Similar results were obtained by Rafique et al. (2012) and Islam et al. (2013) .
The results also showed that amino acids did not affect the availability of NPK as well as soil pH, EC and organic matter. Sulphur application improved the soil available phosphorus and potassium in soil after harvesting. Moreover, 10 ton FYM/fed increased the availability of N, P and K and soil organic matter, beside decreased soil reaction. While, the soil salinity was increased due to FYM application. The promotive effects of sulphur on reducing soil pH and consequently increased the availability of P and K in soil are attributed to with increasing soil sulphur, sulphur oxidation and bacteria population will be increased and requires more nutrients to bacteria. Therefore, oxidation of sulphur in the fertile soil more quickly has done (Agrifacts, 2003) . Oxidation of sulphur by thiobacillus bacteria reduced soil pH (Mahler and Maples, 1986) . These results agree with those obtained by Habashy and Bishara (2013) and Sabagh et al. (2014) . On the other hand, the positive effect of FYM on nutrient availability, pH and soil organic matter is due to the composition of FYM resulted in chelated compound enhanced the availability of nutrients. In addition, FYM contains sufficient amounts of nutrients and organic acids which released in soil (Mekail et al., 2006) . Increasing of soil salinity due to FYM application may be due to used FYM having a relatively high EC value (5.11 and 5.25 dS m -1 in the studied seasons, respectively) as mentioned by Ahmed (2009) . Similar results were obtained by El-Koumey (1998), Ahmed (2009) and Ahmed (2017) ..
As the interaction between treatments, the results clearly showed that the studied soil properties did not affect by the interaction between phosphorus rates and natural additives. This means that the highest available N, P, K, EC and soil organic matter and lowest pH values were recorded under 10 ton FYM/fed application. On the other hand, the plants without sulphur and FYM exhibited the lowest soil available N, P and K and soil organic matter and the highest pH values.
CONCLUSION
From abovementioned results and under the conditions of this experiments, added 15 kg P2O5/fed + 10 ton FYM/fed significantly improved quality and quantity of wheat. In addition to improving soil fertility and its physical properties after harvesting.
